In this study the antioxidant activity of natural limonoids from Meliaceae swietenolide (1), 3,6-O,O-diacetylswietenolide (2), swietenine (3), swietemahonin G (4) and 2-hydroxyswietenine (5) were investigated along with the semi-synthetic analogues (6-25) of compounds 1, 3-4. Lipid peroxidation (LPO) inhibitory assays revealed 85.6, 13.3, 77.3, 61.2 and 24.6 % inhibition for the natural compounds 1-5. Excellent antioxidant activity was seen for the semi-synthetic analogues 10 (98.3 %), 16-17, 21-22 and 25 (100 %), which were more active than the positive controls BHA (91.3 %) and TBHQ (95.7 %).
Antioxidants are often placed in foods to prevent rapid deterioration. Common synthetic antioxidants include BHA (butylated hydroxyanisole), BHT (butylated hydroxytoluene), and TBHQ (tert-butylhydroquinone); BHA and BHT being suspected carcinogens [1, 2] . Effective natural antioxidants not only preserve food quality but may have anti-aging and anti-cancer activity. Phenolics are a major group of natural antioxidants found in many plants. Some citrus limonoids found in, for example, oranges and grapefruit (Rutaceae) may have antioxidant properties, but more evidence is needed [3, 4] . We have investigated the antioxidant properties of the natural Meliaceae limonoids swietenolide (1), 3,6-O,Odiacetylswietenolide (2), swietenine (3), swietemahonin G (4) and 2-hydroxyswietenine (5) and sought to improve their antioxidant activity through semi-synthesis. Twenty five natural limonoids and analogues were tested in lipid peroxidation (LPO) assays at 10 µM. Swietenolide (1) showed 85.6 % inhibition (Table 1) .
Analogues 6-13 ( Figure 1 ) prepared via acylation of 1 showed lower antioxidant activities except for 3-Oacetoxyacetyl-swietenolide (10) (98.3 % inhibition). The complete hydrolysis product, demethylisoswietenolide (14), did not show improved activity compared to 1. The hydrolysis and methylation products of swietenine (3) The hydrolysis and methylated derivatives demethyl-3detigloyl-2-hydroxyisoswietenine (21), 3-detigloyl-2hydroxyisoswietenine (22) and 3-detigloylisoswietemahonin G (25) also showed 100 % inhibition which equated to significantly higher LPO activity compared to the parent 2-hydroxyswietenine (5) and swietemahonin G (4). These analogues were more effective than the positive controls, BHA and TBHQ (91.3 and 95.7 % inhibitions respectively). The limonoid analogues are hydrophobic and may be effective at the cell membrane level, in preventing lipid peroxidation. Increasing the number of hydroxyl groups via detigloylation or demethylation in most cases, enhanced LPO as shown for compounds 16-17, 21-22 and 25 suggesting that these oxygen fuctionalities may be active sites. More tests are needed to determine in vivo performance of these types of compounds. Dried ground seeds of S. macrophylla and S. aubrevilleana were extracted by coworkers to yield a brown gum of EtOAc extract [5] . Three aliquots (I-III) of the EtOAc extract from S. macrophylla were treated separately: I (12.58 g) was dissolved in CH 2 Cl 2 , subjected to CC, eluted in a gradient system with increasing concentrations of EtOAC in CHCl 3 , to give eight major fractions (IA 1 -IH 1 ). IE 1 (4.96 g) was dissolved in CH 2 Cl 2 , subjected to CC, eluted with petroleum ether-EtOAc (4:1) with increasing amounts of EtOAc, to give eight major fractions (IA 2 -IH 2 ). Crystallization of ID 2 (3.01 g) from isopropylether-EtOAc gave swietenolide (1) (1.61 g). II (17.98 g) was dissolved in CHCl 3 -EtOAc (50:1), subjected to CC, eluted with CHCl 3 -EtOAc (50:1) followed by increasing amounts of EtOAc, to give eight major fractions (IIA 1 -IIH 1 ). Crystallization of IID 1 (4.67 g) from CH 3 OH gave 3,6-O,O-diacetylswietenolide (2) (364 mg). III (16.35 g) was dissolved in CHCl 3 , subjected to CC, eluted with CHCl 3 -EtOAc (20:1) then increasing amounts of EtOAc, to afford nine major fractions (IIIA 1 -III I 1 ). Crystallization of IIID 1 -IIIE 1 (4.65 g) from CH 3 OH afforded swietenine (3) (688 mg). The mother liquors remaining after crystallization of IIIE 1 and IIIF 1 from CH 3 OH, were grouped with IIF 1 to give sample IV (5.38 g) which was adsorbed on silica gel, submitted to CC, eluted with petroleum ether followed by petroleum ether-EtOAc (3:2, 1:1 and 2:3), to give fourteen major fractions (IVA 1 -IVN 1 ). IVJ 1 (1.21g) was dissolved in petroleum ether-CHCl 3 (30:70), subjected to CC, eluted with petroleum ether-CHCl 3 -MeOH (28:80:2), to give five major fractions (IVA 2 -IVE 2 ). IVB 2 (538 mg) was purified via preparative TLC, developed with petroleum ether-CHCl 3 -MeOH (38:60:2). Workup of the band at R f 0.38 (visualized by UV light, 254 nm) afforded IVB 3 (188 mg), which was further subjected to CC, eluted with CHCl 3 -EtOAc (95:5), to afford swietemahonin G (4) (137 mg).
Experimental
An aliquot of the EtOAc extract of S. aubrevilleana (25.2 g) was dissolved in CH 2 Cl 2 and subjected to CC, eluted with (CHCl 3 -EtOAc, 8:1). Nine major fractions (a-i) were obtained and crystallization of fraction i (1.59 g, CHCl 3 -EtOAc, 8:1) yielded swietenolide (1.04 g) while crystallization of f (4.55 g, EtOAc-isopropyl ether) afforded 2-hydroxyswietenine, 5 (465 mg). Compounds were confirmed by 1 H and 13 C NMR comparisons with the literature [6] [7] [8] .
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Antioxidant test: Compounds 1-25 were studied for their lipid peroxidation inhibitory activity by analysis of liposome oxidation using fluorescence spectroscopy. A mixture containing 5 μM of 1-steroyl-2-linoleoyl-snglycerol-3-phosphocholine (Avanti Polar lipids, Inc., Alabaster, AL) and 5 μM of the fluorescence probe 3-[p-(6-phenyl)-1,3,5-hexatrienyl]-phenylpropionic acid (Molecular Probes, Inc., Eugene, OR) were dried in a foilcovered round-bottom flask under vacuum using a rotary evaporator at room temperature. MBSE buffer (500 μL), consisting of 0.15 M NaCl, 0.1 mM EDTA (ethylenediaminetetraacetic acid di-sodium salt) and 10 mM MOPS [3-(N-morpholine propane sulfonic acid), adjusted to pH 7] were used to suspend this lipid film. Buffer solutions were treated with Chelex 100 chelating resin to remove trace metal ions. The lipid-buffer suspension was then subjected to 10 freeze-thaw cycles using a dry ice-EtOH bath. After the last thaw, the lipidbuffer suspension was then extruded 29 times through a Liposo Fast extruder (Avestin, Inc., Ottawa, Canada) containing a polycarbonate membrane with a pore size of 100 nm to produce large unilamellar liposomes (LUVs). A 20 µL aliquot of this liposome suspension were diluted to a final volume of 2 mL in Chelex 100 treated HEPES buffer (100 μL, pH 7), 1M NaCl (200 μL), N 2 -sparged water and DMSO solution containing the test compound or positve controls (10 M in 2 mL total assay volume), vortexed, and placed in the cuvette holder of the spectrophotometer. Peroxidation was then initiated by the addition of 20 μL of 0.5 mM FeCl 2 stock solution to achieve a final concentration of 5 μM of Fe 2+ in the presence of test compounds dissolved in DMSO. The control sample did not contain either Fe 2+ or the test compounds. Fluorescence intensities of these liposome solutions were measured at an excitation wavelength of 384 nm for every 3 min over a period of 21 min using a Turner model 450 digital fluorometer (Barnstead Thermolyne, Dubuque, IA). The decrease of relative fluorescence intensity with time indicates the rate of peroxidation. The relative fluorescence (F t /F 0 ) was determined, where, F t is the fluorescence at a given time and F 0 is the fluorescence value at t = 0 min [10] .
